Background-The goal of this study was to determine whether advanced age affects mortality and incidence of neurological injury in patients undergoing surgical repair with hypothermic circulatory arrest in acute and chronic thoracic aortic pathology.
R efinements in surgical, anesthesiological, and perfusional management in patients undergoing surgery with hypothermic circulatory arrest (HCA) for acute and chronic thoracic aortic pathology have improved outcome. [1] [2] [3] [4] [5] [6] However, mortality and neurological injury remain a constant threat. 7 Age traditionally was associated with a higher incidence of these complications compared with younger surgical cohorts, leading to the decision to refuse surgery to older patient cohorts, particularly in the acute setting. 8 -10 The aim of this study was to determine whether advanced age affects mortality and incidence of neurological injury in patients undergoing surgical repair with HCA in acute and chronic thoracic aortic pathology. as more important than age in aneurysms and in acute dissections. Patients who were not self-dependent and had other limiting diagnoses besides their aortic diagnosis were excluded.
Anesthesiological Management
Premedication, anesthesia induction, and maintenance were standardized for all cases. Patients were premedicated with lorazepam (1 to 2 mg) 30 to 45 minutes before surgery and induced with midazolam (0.05 to 1 mg/kg), fentanyl (10 g/kg), etomidate (0.2 mg/kg), and pancuronium (0.1 mg/kg). Anesthesia was maintained with isoflurane (1 to 1.5 vol%), propofol infusion (6 to 8 mg ⅐ kg Ϫ1 ⅐ h Ϫ1 ) during extracorporeal circulation, (ECC) and additional dosages of fentanyl and pancuronium in the further course of the surgery. Anesthetic monitoring included American Society of Anesthesiologists routine monitors, invasive blood pressure of the upper and lower extremities (via the left radial and femoral arteries), and nasopharyngeal, tympanic, and bladder temperature measurements. A triple-lumen central venous catheter (7F; Arrow, Reading, PA) and sheath (8.5F; Arrow) were placed in the right internal jugular vein with the ultrasound-guided cannulation technique. At the end of anesthesia induction, a multiplane transesophageal echocardiography probe was inserted (X7-2t 3D, iE33 ultrasound system, Philips Medical Systems, Andover, MA). Intraoperatively, cerebral perfusion was monitored with continuous bilateral near-infrared oximetry (NIRO-200, Hamamatsu, Japan). The simultaneous performance of a processed electroencephalogram (BIS, Aspect Medical Systems, Norwood, MA) allowed the confirmation of burst suppression before initiation of HCA. After median sternotomy, heparin (500 IU/kg) was given to achieve an activated clotting time of Ͼ480 seconds, with additional boluses of 5000 to 10 000 IU if the activated clotting time did not reach the target values. Simultaneously with heparin, tranexamic acid (30 mg/kg) was administered intravenously, followed by a continuous intravenous perfusion of 15 mg ⅐ kg Ϫ1 ⅐ h Ϫ1 until the end of the surgery.
Conduction of Extracorporeal Circulation and Myocardial Protection Strategy
Patients with acute type A aortic dissection were cooled to bilateral 20°C tympanic temperature and 26°C bladder temperature. Patients with chronic ascending aortic aneurysms were cooled to bilateral 26°C tympanic temperature and 30°bladder temperature. Vasodilators such as nitroprusside are used to achieve homogeneous cooling by reducing peripheral vascular resistance. During rewarming, targets were bilateral 36°C tympanic temperature and 35°C core temperature. For cerebral perfusion, a blood temperature of 20°was chosen in both acute type A aortic dissection and chronic ascending aortic aneurysms, according to the individual cannulation site for bilateral selective antegrade cerebral perfusion, right subclavian artery or brachiocephalic trunk. Flows between 500 and 750 mL/min were targeted according to the anticipated resistance of the cannulas. Most important, resistance of 50 mm Hg at the level of the individual cannula was not exceeded so as not to expose the brain to episodes of excessive pressure. In our setting, we use a low-volume cardioplegic solution (Cardioplexol) as induction cardioplegia with sequential reinfusion with modified Buckberg cold-blood cardioplegia every 20 minutes. Before clamp release, modified Buckberg warm-blood cardioplegia is infused.
After termination of ECC, reversal of heparin with a protamine ratio of 1:1 (1 mg protamine per 100 IU heparin) was performed. An intraoperative autologous transfusion device with reinfusion of shed mediastinal blood and remaining ECC blood was used in all patients. Intraoperative and postoperative transfusion regimens were guided by in-hospital standards supplemented by rotational thromboelastometry (ROTEM, Pentapharm GmbH, Munich, Germany) and laboratory analysis of selected parameters of coagulation.
Definition of Clinical Parameters
Preoperative parameters were defined according to EuroSCORE guidelines. 11 Mortality was defined as in-hospital death. Neurological injury was defined as any newly developed sensorimotor deficit (including those with subclinical manifestation) persisting at the time of discharge combined with a morphological correlate in cranial computed tomography.
Statistical Methods
Continuous data are presented as median and interquartile range (range from the 25th-75th percentile). Discrete data are given as counts and percentages. Comparisons of continuous data were performed by Mann Whitney U tests, and groups of categorical data were compared by 2 tests. The Spearman test was used for correlations. A multivariable logistic model was applied to assess the strongest independent risk factor of overall and neurological outcome after adjustment for possible confounding factors; in a primary model, we included all preoperative risk factors according to the EuroSCORE and intraoperative parameters of recognized clinical significance according to the Society of Thoracic Surgeons. In a secondary model, we considered only age and risk factors that were statistically significant in univariate analysis for inclusion to confirm the results of the primary model. Because the parameters ECC time, cross-clamp time, and HCA time were highly collinear, we finally chose the best-fitting model, which included HCA time in both. Results of the logistic regression model are given as the odds ratio (OR) and 95% confidence interval (CI). Regression diagnostics and overall model fit were performed according to standard procedures, providing Hosmer-Lemeshow tests for calibration and C statistics for discrimination of the final models. A 2-sided value of PϽ0.05 was considered statistically significant. Calculations were performed with SPSS for Mac OsX (version 19.0) and JMP 9.0 for Mac.
Results

Mortality and Neurological Outcome
Overall mortality was 9.7% in acute type A aortic dissection and 2.2% (PϽ0.001) in chronic ascending aortic aneurysms. Overall neurological injury was 16.9% in acute type A aortic (22) Severe left ventricular dysfunction, n (%) 24 (5) Recent myocardial infarction, n (%) 31 (6) Preoperative neurological dysfunction, n (%) 48 (9) Redo surgery, n (%) 53 (10) Logistic EuroSCORE, median (IQR) 17 (10-30)
Additive EuroSCORE, median (IQR) 10 (8-12) Outcome, n (%)
In-hospital death 27 (5) Neurological injury 60 (12) IQR indicates interquartile range. dissection and 7.9% (Pϭ0.002) in chronic ascending aortic aneurysms. Figure 1 depicts age percentiles in patients with acute type A aortic dissections in terms of mortality and neurological injury, showing stable results up to 80 years of age. Figure 2 depicts age percentiles in patients with aneurysms in terms of mortality and neurological injury, also showing stable results up to 80 years.
Chronic Health Conditions and Risk Factors: Nonsurvivors Versus Survivors
Nonsurvivors were older than survivors (70 versus 64 years; Pϭ0.006). The incidence of chronic obstructive pulmonary disease was higher in nonsurvivors (33% versus 13%; Pϭ0.006). There was a trend toward a higher incidence of extracardiac arteriopathy in nonsurvivors (44% versus 27%; Pϭ0.08; Table 2 ).
Chronic Health Conditions and Risk Factors: Neurological Injury Versus None
Patients sustaining postoperative neurological injury were older (67 versus 64 years; Pϭ0.03) and had a higher incidence of extracardiac arteriopathy (47% versus 26%; Pϭ0.001; Table 3 ).
Preoperative Assessment and Surgical Management: Nonsurvivors Versus Survivors
The incidence of emergency surgery was higher in nonsurvivors than in survivors (78% versus 36%; PϽ0.001). Logistic EuroSCORE levels in nonsurvivors were higher than in survivors (43 versus 9; PϽ0.001; Table 2 ). The ECC time in nonsurvivors was longer (184 versus 129 minutes; PϽ0.001), as was HCA time (39 versus 20 minutes; PϽ0.001; Table 2 ).
Preoperative Assessment and Surgical Management: Neurological Injury Versus None
Patients sustaining postoperative neurological injury had a higher incidence of emergency surgery (58% versus 36%; Pϭ0.001) and higher logistic EuroSCORE levels (32 versus 16; PϽ0.0001). The ECC time in patients with postoperative neurological injury was longer (163 versus 128 minutes; PϽ0.0001), as was HCA time (25 versus 20 minutes; PϽ0.0001; Table 3 ). 
Multivariable Logistic Regression Analysis
Discussion
Age is not associated with increased risk for mortality and neurological injury in patients undergoing surgical repair for acute and chronic thoracic aortic pathology with HCA. Extended HCA times, reflecting the extent of disease, and redo surgery predict mortality; emergency surgery and extracardiac arteriopathy predict neurological injury.
Overall mortality in patients undergoing surgery for acute type A aortic dissection was low in this series. This finding may be due to the selection of the right subclavian artery as arterial inflow for cardiopulmonary bypass, because this approach has been confirmed to be the most important factor of improved outcome during the last decade by providing an antegrade and thus more physiological flow patterns in all vascular territories involved. [12] [13] [14] Therefore, the incidence of symptomatic malperfusion and irreversible end-organ injury could be dramatically reduced. 15 Mortality rose in patients Ͼ80 years of age; however, the number of patients was extremely small. Thus, even casuistics may affect results in this group. Nevertheless, 80 years may turn out to be a biological limit in many patients with acute type A aortic dissections; therefore, a case-by-case decision on the probability of success is warranted. Overall mortality in chronic ascending aortic aneurysms was also low; again, mortality rose in patients Ͼ80 years of age. Arguments are the same as for mortality in this group. The observed deaths could be attributed to neurological injury from atheroembolic origin or from respiratory failure.
The incidence of chronic obstructive pulmonary disease in nonsurvivors was substantially higher than in survivors. Chronic obstructive pulmonary disease is a known independent predictor of mortality in other thoracic aortic pathology and in several other diseases without affecting the thoracic aorta. 16 -18 The higher incidence of extracardiac arteriopathy also substantiates the higher disease burden in this group.
Rates of newly developing neurological injury after surgery were low in patients undergoing surgery for acute type A aortic dissection. Reasons may be in line with the reason for the low mortality rate in the same patients, namely the selection of the right subclavian artery as arterial inflow for cardiopulmonary bypass as affection of the supraaortic branches leading to functional obstruction and thereby cerebral malperfusion may be restored or at least attenuated by subclavian arterial inflow. 13, 15 Interestingly, the majority of patients sustaining any newly developed neurological injury had dissective involvement of the supraaortic branches. Finally, we cannot predict how hemodynamics altered by ECC affect the dynamics of the dissecting membrane in the supraaortic branches. Consequently, near-infrared spectroscopy during ECC was developed as an indispensable tool for evaluating regional saturation and thus perfusion despite the fact that the options to react are limited. 19 The incidence of extracardiac arteriopathy was higher in patients sustaining neurological injury. The correlation seems clear, but reasons, according to the indication for surgery, are different. In patients with aneurysms, classic obliterative components of the underlying atherosclerotic disease may contribute to these findings. In dissections, however, a more functional component may be attributable because the incidence of classic atherosclerosis in these patients is low. However, the definition of extracardiac arteriopathy, according to EuroSCORE levels, is defined as stenosis Ն50%, which may also be caused by the dissecting membrane affecting the supraaortic branches, which is known to be associated with a higher risk for neurological injury. 20 Multivariable logistic regression analysis revealed duration of HCA and redo surgery as independent predictors of mortality, whereas the findings of a longer duration of HCA should be interpreted in light of a higher disease burden and a more complex approach to surgical repair. Furthermore, although selective antegrade cerebral perfusion sufficiently covers cerebral oxygen demand, a limited ischemic frame is present for all other organ systems, especially in patients with existent preoperative malperfusion. 20 -23 The fact that EuroSCORE levels are higher in nonsurvivors is clear, and does not deserve further discussion. It was interesting, however, that age turned out not to be an independent risk factor for mortality, a finding that is in contrast to current wisdom. Modified perfusion regimens and a more advanced anesthesiological approach may account for these findings. [1] [2] [3] [4] [5] [6] 24 Finally, the fact that redo surgery is associated with adverse outcome in acute type A aortic dissection is evident.
Table 2. Distribution of Patients by Different Chronic Health Conditions and In-Hospital Risk Assessment Stratified to In-Hospital Outcome
Duration of HCA and emergency surgery were identified as independent predictors of neurological injury in this series. A longer duration of HCA is commonly associated with a more complex surgical repair of the aortic arch and thus has to be also interpreted as a higher disease burden, being also frequently associated with dissective involvement of the supraaortic branches, which in turn is associated with a higher risk of neurological injury. 20
Study Limitations and Strengths
This study has all the limitations of a single-center retrospective analysis. Furthermore, the exact functional morphology at the time of diagnosis cannot be implemented because the impact of functional imaging on the operative strategy, and thus on outcome, may be evaluated only prospectively. However, the strengths of this study are that the series is large and the time frame when patients were treated with the same surgical and perfusional concept is short. Thus, this study does not contain a bias of different conceptual approaches over time.
Conclusions
Age is not associated with increased risk for mortality and neurological injury in patients undergoing surgical repair for acute and chronic thoracic aortic pathology with HCA. Extended HCA times, reflecting the extent of disease, and redo surgery predict mortality, whereas emergency surgery and extracardiac arteriopathy predict neurological injury. 
